The effects of catecholamines(adrenaline, noradrenaline and
Catecholamines play the role of neurotransmitters at neuromuscular or interneuronal junctions. However, the mode of actions by which catecholamines regulate excitability of target cells seems to be complex and has not been entirely clarified.
For example, at interneuronal junctions, catecholamines seem to regulate the excitability of target cells by modifying their resting membrane potentials and conductance or by producing postsynaptic potentials. In the case of amphibian sympathetic ganglion cells, it has been known that these cell membranes are depolarized or hyperpolarized by the action of catecholamine (NAKAMURA and KOKETSU,1972) and the slow inhibitory postsynaptic potential(slow IPSP)of these cells seems to be produced by the action of catecholamine (LIBET and Ko-BAYASHI,1974) .In cardiac muscle fibers of vertebrates,catecholamines are able to regulate not only the resting membrane potential but also the configuration of their action potentials (CARMELIET and VEREECKE,1969; TRAUTWEIN,1973) .It is interesting that catecholamines are able to regulate the action potential of cardiac muscle fibers,since such a regulatory action of catecholamines on action potentials of target cells has not been found at interneuronal junctions.
The present experiment shows that catecholamines are able to regulate the configuration of action potentials of bullfrog sympathetic ganglion cells.A preliminary account of this work has been published elsewhere (KoKETSU and MINOTA,1975 potentials as well as their maximum rates of rise were also depressed( Fig.2 ,B and C).The effect of adrenaline on the action potentials produced at the original resting membrane potential level was dependent on the concentrations of adrenaline.These results are summarized in Fig.3 . Suppressions of the amplitude and maximum rate of rise of spike potentials, together with other changes described above,were also observed in action poten- Since adrenaline bitartrate was used throughout in the present experiment, the effect of tartaric acid on the action potential was examined in order to exclude the possibility that the observed changes of action potential might be caused by the action of tartrate.The configuration of action potential and the maximum rates of rise and fall were not changed in the solution,of which the pH was adjusted to 5.5 by NaOH,containing 2 mM tartaric acid(five experiments);the pH was 6.3 when adrenaline bitartrate(1 mM)was added to the perfusate.This indicates that the observed changes of the action potential in the present of adrenaline bitartrate are indeed caused by the action of adrenaline.
2.Effect of adrenaline on the membrane resistance
In order to examine the effect of adrenaline on the membrane resistance The effects of adrenaline on the TEA-potential of spinal ganglion cells were also examined.It has been known that spinal ganglion cells are capable of producing action potentials(TEA-potential)when these cells are stimulated directly in the TEA solution (KOKETSU et al.,1959) .These TEA-potentials appear to be generated by an inward Ca2+movement across the cell membrane,as in the case of sympathetic ganglion cells,since these TEA-potentials are resistant to TTX.Unlike the case of sympathetic ganglion cells,however,adrenaline showed no effects on these TEA-potential(four experiments) (Fig.9) .This result suggests that adrenaline does not interact with Ca2+ conductance during the generation of TEA-potential.
DISCUSSION
The present experiment demonstrates that the action potential of sympathetic ganglion cells is depressed by adrenaline,which is known to be an neurotransmitter acting on these cells (LIBET and KOBAYASHI,1974) .The resting membrane potential of these cells was depolarized to some -extent under the influence of adrenaline in relatively high concentrations (NAKAMURA and KOKETSU,1972; KOKETSU and NAKAMURA,1976) .Depressions of action potentials by adrenaline are,however,not due to the membrane depolarization because they were oh-served when no depolarization occurred or when the membrane was held at the resting potential level.Furthermore,depressions of action potentials by adrenaline were not due to a shunting effect of the subsynaptic membrane,which is sensitive to adrenaline.It is known,in the case of skeletal muscle fibers,that the action potential produced near the end-plate membrane is depressed by the shunting effect of neurotransmitter(acetylcholine)on the end-plate membrane. In the case of the ganglion cells,however,the membrane resistance measured at the resting membrane potential level was not decreased and sometimes increased by the action of adrenaline.
It is certain that the increases in ionic conductances responsible for the generation of action potentials are inhibited by the action of adrenaline. Similar depressant action on the action potential was also observed with acetylcholine (KUBA and KOKETSU,1975) .The action potential of sympathetic ganglion cells is generated by the increases in Na+conductance(GNa),K+conductance(GK)and also Cat+conductance(GCa).According to the present experiment,inhibition of GK by adrenaline was indicated by the decreases in the amplitude of positive afterpotential and maximum rate of fall and also by an increase in spike duration in the Ringer solution.Decreases in spike amplitude and maximum rate of rise of action potentials in TEA solution and isotonic CaCl2 solution,would indicate a decrease in GC a.Decreases in peak amplitude and maximum rate of rise of action potential in the Ringer solution were not remarkable,but may indicate a decrease in GNa.The possibility that these changes were due to a decrease in Gca ,could be excluded since the amplitude and the maximum rate of rise of spike potentials were also decreased in Ca2+-free Ringer solution. Indeed,there is a possibility that adrenaline stimulates intracellular binding of concentration (cf.MORAD and ROLETT,1972) .Since the membrane GK and also GNa ,are increased when intracellular Ca2+concentration is raised (WHITTAM,1968; LEW,1970; MEECH and STRUMWASSER,1970; ROMERO and WHITTAM,1971) ,the GK and GNa ,would be depressed when the intracellular Ca2+ concentration is decreased by the action of adrenaline (MCNAUGHTON and NOBLE,1973) . Whatever the mechanism may be by which adrenaline changes the ionic conductance of the sympathetic ganglion cell membrane,such an action of adrenaline seems to be specific to these cells.In other words, the action of adrenaline observed in the present experiment is mediated by some kinds of adrenergic receptors located on the membrane of these cells.The present experiment demonstrated that the action of adrenaline on action potentials was absent in the spinal ganglion cells,which should possess no or fewer adrenergic receptors compared with sympathetic ganglion cells.It should be mentioned that concentrations of catecholamines used in the present experiment were comparable to those used in other experiments (KOBAYASHI and LIBET,1970; CHRIST and NISHI,1971a,b; NAKAMURA and KOKETSU,1972; DUN and NISHI,1974; LIBET and KOBAYASHI, 1974; KOKETSU and NAKAMURA,1976) .
What is the physiological significance of the observed action of adrenaline on action potentials of sympathetic ganglion cells?Unfortunately,there is no information available to answer to this question in the present experiment. CHRIST and NISHI(1971a,b) reported that adrenaline and noradrenaline decreased the ACh output from the presynaptic nerve terminals in superior cervical ganglia of the rabbit.These effects of catecholamines might be explained by the depression of Ca2+entry into nerve terminals in the presence of catecholamines,if the presynaptic nerve terminal has the same properties as those of the sympathetic ganglion cell in bullfrog.It has been also reported that antidromic stimulation of a group of ganglion cells in a nicotinized bullfrog sympathetic ganglion induced a slow hyperpolarization in the unstimulated adjacent group of ganglion cells .If this hyperpolarization is produced by the action of some kind of neurotransmitter which is released from activated ganglion cells This study was supported by a grant from the Ministry of Education of Japan.
